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RESFARCH MEMORANDUM

PERFORMANCE OF A MIXED-FLOW IMPELLER IN
COMBINATION WITH A SEMIVANELESS DIFFUSER

By Eugene B. Laskin and Milton G. Kofskey
SUMMARY
The performance characteristics of a mixed-flow impeller and
a semivaneless diffuser wore experimentally investigated. The
impeller has an anmulus diameter of 11.00 inches and a maximum tin
diameter of 14.74 inchee. The semivanelesa diffuser has an over-all
diameter of 28.00 inches. The performance characteristica of the
mixed-flow impellsr were also Investigated with a 34.00-inch vane-
loss diffuser heving a transition section af the same geometry as the
semiveneless difruser. A comparison of the performence curves of the

two combinations provided a means of determining how well the seml-
vaneless diffuser was matched with the impeller.

The investigation of the mized-flow impeller and the semivane-
less diffuser was made over a range of equivalent impeller %tip
sneeds of 682 to 1740 feet per second; tests of the impeller with
the vaneless diffuser were confined to a range of equivalent tip
speeds of 682 to 1546 feet per second with ambient inlet air.

The maximum adiasbatic efficiency for the semivanelssa-diffuser
combination was 0.760 and wes cobtained at a pressure ratio of 1.34.
The semiveneleas-diffuser combination showsd good retention of peak
adiabatic efficiency to a pressure ratio of 3.35, whers the efficiency
was 0,702. Within the stabls operating range, the maximm pressurs
ratio was 3.36, at which point the efficlency was 0.697 and the
equivalent volume flow was 13,650 cubic feet per minute.

A critical condition existed in this combination betwesn
equivalent tip epeeds of 1550 and 1644 feet per secomd. At 1644 feeb
ver gecond, the stable-air-flow range was extremely limited and the
peak adiabatic efficiency dropped sharply to 0.626 and the corre-
sponding pressure ratio to 3.12. Mild surging was encountered &b
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all pressure ratlos above 3.0 for the equivalent tip speod of 1740 feet
per sccond; the peak efficlency was 0.580 and the corresponding pres-
,sure ratio was 3.36.

The semivaneloss diffuser was found to be woll matched with the
impeller. The psak pressurs ratlos geccurrsd at approximately egual
values of volume flow for both diffuser coftbinations. At low tip
speeds, the peak adiabatic efficiencies for both diffuscr combinatlons
occurred at approximately egqual values of volume flow. At high tip
speeds, the volume flows at which peak efficlencies were obtained
diffsred for the two diffuser combinations but the difference in the
values of the peak efflciencies waes amall.

IIFROINCTION :

A combination of a wmixed-flow impeller and a semivaneless diffuser
designed primarily for a Jet-propulsion engine was investigated at the
NACA Cleveland leboratory. Tests were conducted to determine the range
of tip speeds over which adsequate edlabatic efficiency could be obtalned
and to determine whether the diffuser was matched with the lmpsller.

The impoller ie suitable for a Jet-propulsion engine installation
becauge the configuration of the impeller is such that it discharges
the alr with an axial velocity componsent. Because of the shape of the
impeller passage, the angular acceleration of the air 1s continuous
along a radine; the angular velocity of the alr, however, is always
less than that of the ilmweller. This type of impeller develops &
lower pressure ratio at a given impeller tip spsed and inlet-asir tem-
verature but inherently has a larger stable-ailr-flow operating rango
than an lwpeller of the conventional redial type.

In the semivaneless diffuser, the large tangential velocity
component of lmpeller discharge air 1s reduced to approximately
gevon-tenthe of its origimal value in the vaneless sectlon beforv
reaching the vaned section of the diffuser. In cowmparlson wlth a
conventional vaned diffuser, the scmivencless diffueer pormits the
use of highor impeller tip speeds and alr flows before shock is
encountered at the entrance to the vanes. The somivancless diffuser
has a smaller dlamoter than a vanclese diffussr for & glven amount
of diffusion. '
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The merformance cheracteristics of the mixed-flow impeller were
also investigated with a 34.00-inch veneless diffuser having & tran-
sltion section of the same geometry as the semivaneleas diffuser.
Because the wvaneless-diffuser combination has a flat performance
curve, a comparison of the velume flows at »eak efficiencies and
pragsure ratios for both diffuser combinations would indicate
whether optimum performance of the semivaneless diffuser and the
impeller occurred at the same flow rates and thus show how well ths
semivaneless diffuser was matched with the Impeller.

Teste of the mixed-flow imveller in combination with both dif-
fusers were made with ambient inlet air over a range of equivalent
impeller tip speeds from 692 to 1550 feet rer second. The tests
with the semivaneless diffuser wers extended to eqguivalent tip
gveeds of 1644 and 1740 feet per second with reduced inlet-alr
temperature. The results of the tests with the semivansless- and
vanelese-diffuser combinations are presented ss curves of veak
adiabatic efficiency as a function of pressure ratio. Adiabatic
efficlency and »wressure ratio are also plotted as a function of
equivalent volumwe flow and the matching of the semivaneless 4if-
fuser with the Impellsr is evaluated.

IMPELLER AND DIFFUSERS

The mixed-flow impeller (Ffig. 1), which discharges the air
with an axlal velocity component, has 23 blades. Because of the
shane of the impeller passage, the angular acceleration of the
alr is continuous along a radius; the angular velcclty of the air,
however, ig always lesa than that of the impeller. TUnlike the con-
ventionsl centrifugal Iimpeller, the blades do not have abruptly
curved sectlions at the inlet section but are designed with a
gradual curvature over the entire length. The tip diameter of the
impeller deccreases along the axial length from 14.74 to 14.26 inches.
The imveller hes an annulus dismeter of 11.00 inches, an inlet hub
diameter of 4.26 Inches, and an axial depth of 7.26 inches.

The semivaneless diffuser consists of two sections: a vane-
less section followed by & vaned seciion having 32 vanss. The
diameter at the lsading edge of the vanes 1s 20.87 inches; the over-
all diemeter is 28.00 inches. Figure 1 sghows the semivaneless dif-
fuser and the impeller with the 1lmpeller and diffumer Tfront shroud
removed. A few vanes are thicker than the others In order o
racilitate mounting in an engine instellation.

The vaneless diffuser has an dver-all diameter of 34.00 inches.
The curvature of the first few inches of the transition section is the
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same for both diffusers as shown by the cross-sectional aketch of tha
two diffusers supcrimposed (fig. 2). Unliko the semivaneloss diffusor,
which discharges the air In an axlal directlicn, the vaneleas diffuser
discharges the air in a radial diroction.

APPARATUS

Test rig. - The impeller with the semivaneless and the vaneless
diffusers was tested in a variable-component test rig as described in
reference l. The cauplate tegt setup for amblent-alr teats is shown
in figure 3. The Impeller was driven by a 1000-horsepower dynamometer
in conjunctlon with a magnetic coupling and tha speed was regulated
with an electranic control system.

The entire inlet pipe wae-lagged wlth three 2-inch layers of hair
Felt; between each layer were tar and tar paper with & final covering

of felt, paper, and canvas. The outlet . pipes were lagged with a ll—inch
layer that was 85 percént magnesia and were covered wlth canvas fof a
distance of 3 feet beyond the instrument station. The variable-
camponent collector case was surrounded by an alr space and a wooden
box ineulated within with three 1/2 inch leyers of canc fibre.

Ambient alr wvas metersd shrough a large orifice tank and was
passged through an _inlet thkrottle intoc. a plpe leadlng to the impeller
inlet. The alr was dlscharged through two tangent*al pipes from the
large variable- cdmponant collector case to the atmosohoric eAhauet
gyatem, ' o . = R T LT . :

Refrigerated-air tests required modlfication of the test rig
(fig. 4). &n additlonal speed increaser was installed to permit
better control by the magnetic coupling at the nigh impeller tlip
speeds. A large alr-filter tank was installed between the inlet
throttle "and the straight length of inlet pipe entering the teat unit
to collec¢t any foreipgn particles that flaked off the refrigerated-air
pipe during the tests. Thoe filter tank was insulated with € inches
of halir Telt and covered with canvas.

Instrumontation. - The quantity of air flow through the unit
for the ambient-alr festé was measured with a sharp-edged circular
flat-plate orifice connescted tg the orifice tank. The tempcraturse of
the alr enterinsg the orifice tank was measured with four calibrated
iron~constantan thermocouples located in front of the tank.
Refrigerated-air flow measurcments were made with an adjustable sub-
morgod orifica, The air tamperatures were moasured with two calibrated
iron-constantan thermocouples located in the pipe upstream of the
orifice.
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The inlet measuring station wae located 2 diameters of atraight
svine from the Impelier inlet. The outlet measaring gtations were
sreceded by 12 dismeters of stralght pipe. A4ll messurements were made
_n accordance with the procedures described in reference 1.

£1]1 pressure and temperatlure measurements were talken in pairs to
elininate erronecus readings. Alr pressures were inilcated by mercury
manometers; pressures for alr-volume measurements were indiceted by
water manometvers. All temperatures were measured with calibrated iron-
constantan thermocouples.

The impeller tip speed was measured with an electric chronomstrilc
tachometer; the impeller tlp speed was based on the maximum tip dlameter
of the impeller. For vlsual checks on the impellex tip speed during
the tests, a stroboscopic tachometer with a 8C-cycle neon light was
uged.

Precision. - The precislon with which sll measuremnents were made
ig estimated to be witiiin the following limits:

Tamperature, O 20 14
Pressure, inches of HEXCUTF .« « ¢ &+ ¢ » o s« = = o « « « o« » x£D3.02
Volume flow, percent . . . c e s s s e « v s s 4 e« « e s« +EO.D

Irvpellertipspeed, percent e & 1 s e v s u s s e s s« + « «F0.5

TEST PRCCEDURE

The tests with both diffuger coambinabtlons weroc mede with ambient
inlet air over a range of equivalent impeller tip speeds of 682 Ho
1550 feet per second corrected to a standard HACA Inlet-alr tempera-
tere of 59° F. Thke inlebt-air temperature varied from 74° to 98° F
over the entire renge of tIip speods made with ambient alr. Tests with
the samivancless~-d:iflumer caihinaticn were extended ta eguivalent
lupeller tlp apeeds of 1€44 and 1740 feet e second by uesing refrig-
cratod inlet sir at temperatures of 31.6° snd -21. 1° F, respectively.
The inlet-air temmerature at any paruicular speed 41d no'c. vay more
then +2° F.

The tests were conducied by the method given in referencc L
wiensver applicable. In all sests the air flow was varled by the
rniet throttle,
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IESULTE AND DISCUSSION

Porforuance calculabtions were made by tvke method given in ref-
vrence 2 and the resuits arc vresented as apccifled in reference 3.
Additionai performance curvos of peak adiabatic efficlency zs a func-
tlon of pressure ratio are also presented., All Impeller tip speeds
apd volume flows are oquivalont values, raving becn corrected to
staniard comlitions, ag rocoumended ln reference 3.

Performance. - The maximum adlabatlc sfficlency for the semi-
vanoless diffuser comblnation was C.768C and was obtalned at a pressure
ratio of 1.34 (fig. 5). Goocd rotention of reak efficiency was
obtalnod to a prossure ratlo of 3,35, wheole the officiency was 0,702.

Tho maximmm pressurs ratlio of the semivanelegs-diffuser combina- _ _
tlon wag 3.36, at which polnt the volume flow was 13,650 cubic foetb LY
per minute (fig. 6(a)). The corresponding adiabatic eofficlency weas
U.697, At the lowor tip speeds, tho somivaneless-diffuaer combina-
tion bhad a wide stable-aliy-flow operating range ard a flat perfors- *
gnce curve gimilar to that of tle vanoless-3iffunser combiration
(fiz. 6(b)). Figiro 6(a) shows that at a tIp mpeod of 1353 Ffeet nor
seconi, the stable-air-flow operating ranso of the sumlvansleoss-
dif?user combination abruntly docroased by apzroximately 67 percont.

Tro renge of air flows decreased as-tho t1p spool increascd and a
Vth*cal cirve without any approciablo range vas obtainod at a tip
neod of 1644 fset vor sccond.

A critlcal cenditlon existed in the combinatlcn between a tip
apead of 1550 and 1644 feet per seccnd. The peak ailabatic effic-
iency dropped to 0.626 and the corresponding niressure ratio teo 3.12
(figes. 5 and 6(a)). At a tip speed of 1740 feet per second, the pesk
adiabatic efTiciency decreased to 0.520 and the correaponding nressure
raetio was 3.36, wvhich was the same as tkhat for the tip aneed of
1550 feet por second. The critical comdition sbill existed in the
corbination, howewver, axnd nlld audible surging occuri=d at all pres-
gure ratios above 3.0, At the lcwer values of wvolurme fluw for the
tip speed of 1740 feet por socorrd, thke cfficlieacy is not & urique
function of wressure ratio and volume £low. Tost pointe for this
tip speed are thereicre omitted in the reglon where two values of
efficiency for a siven pressure ratlo znd volume flocw were ohtained.
The trend of the ierformance curve in this rogion ls Indicated by
the broten line in figure 6{a) and the carplete cuives For the tip
gpasd of 1740 feet por second are givern in fignre 7.

Matching. - A comparison of figures 6(a) ani &(b) skuwe that
the peak pressure ratios for both diffuser comblrations ccocurred as
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approximztely equal.values of volune flow, which indicates that, as
Tar as obtaining peak presaure ratiocs is concerned, the senlvaneless
diffuser was well matched with the Impelier. A revresentative com-
parison of the adiabatlc eflficiencies for both diffuser combinatlons
was obtalned by plotting ediabatic efficiency a&s & functlon of volumwe
Tlow for several tip speeds (fig. 8). In general, the peak efficien-
cles for the semlvaneless-iiffuser cambination were slightly lower
than for the vaneless-diffuser combination. (See also fig. 5.) At
the low tip speeds, the semivaneless diffuser was apparently well
matched with the imneliler. At the high tip speeds, the volume flows
at which peak efficiencies were obtazined differed for the two diffuser
combinatiors but the difference in the values of the peak adiabatilc
efficiencies was emall. With regard to officlencles; the matching
of the mixed-~flow impeller with the semivaneless diffuser therefore
anpears o be very satisfactory.

SHIMARY OF ERESULTS

From an investigatian of the performance of a wixed-flow impsller
and & semivaneless diffuser and from an evaluation of the matching of
the semivaneless diffuser with the impeller (by & comparison with a
vanelese~diffuser combination), the following results were obtained:

1. Good retention of high adiasbatic efficicncies was obtained
to & proessure ratia of 3.35, where the corresponding officlency was
0.702. The maximm efficiency of 0.760 was obtalned at a pressure
ratio of 1.34.

2, Within the stable oparatling rengs, a maximm prossure ratio
of 3.36 was obbtained at which voint the corrosponding efficlency was
0.697 and the volume flow was 13,650 cubic feot per minute,

3, A critical conditlon exiasted in the unit betwoen a tip speced
of 1550 and 1644 feet per second. At a tip speed of 1644 feet per
second, the sir-flow rangs was exbremely limited and & peak efficiency
of 0.626 was obtained at a pressure ratio of 3.12. Mild surging of
the unit was oncountered at all pressure ratios above 3.0 Ffor the
equivalont tip speod of 1740 fest ner second; the nealk efficliency was
0.580 and the corrosponding wreseure ratio was 3.36.
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4, Thu scmivaneless diffuser appeared to be well matched with
the mixed-flow 1mpeller. The peak vressure ratics occurrsd at
approximately equal valuves of volume flow for the semivancless-
and the vancless-diffueer combinations. At low tip speeds, the
peak efficiencies for both diffuser combinations occurred at aprrox-
imately equal values of volume Flow. At high tip speeds, the volumo
flows at which pecak efflciencles were oltained differed for the two
diffuser combinations but the difference in the values of poak
officiencies was small.,

Alrcraft Engine Ressarch Laboratory,
Natlonal Advisory Committeo for Aoronautics,
Cleveland, Ohlo.
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Figure
with

l. -~ Mixed-flow impeller and semivaneless diffuser
impeller and diffuser front shroud removed.
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